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TECHNICAL FIELD 
[0001] The present invention relates generally to testing integrated circuit devices such 
as flash memory devices. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor devices, including integrated circuit devices such as boot- type 
devices, are tested prior to shipment to ensure quality control. In the case of boot-type devices 
known as flash memory devices, the testing can include parametric tests, including testing for 
short circuits, open circuits, various leakage tests, and various signature tests. Also, the 
testing can include various performance or functional tests, such as speed tests and erase time 
tests. Of importance to the present invention is testing a device for erase time. 

[0003] Specifically, to determine whether a device can be erased adequately, each 
sector in the device is programmed, and then the device is erased, sector by sector, with the 
time period required for erasure being recorded for each sector. In the event that any leakage 
is detected after an erase operation, a test known as Auto Program Disturb Erase (APDE) is 
performed to cure the leakage, and then the APDE time period is also recorded. A test limit 
is then calculated that is essentially the average (or, e.g., 1.5 times the average) of the erase 
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time periods and APDE time periods of all the sectors. If the time periods required for any 
sector exceed the test limit, the device is rejected. 

[0004] As recognized by the present invention, for test purposes it has been assumed 
that flash memory devices have equally-sized sectors, that is, all the sectors to be tested of 
5 flash memory devices are assumed to be of uniform size. Accordingly, a single test limit has 
been used against which the erase/ APDE times of all sectors are compared. 

[0005] The present invention understands, however, that flash memory devices can 
have some sectors of one uniform size (typically of a larger size) and other sectors (boot 
sectors) of other, non-uniform sizes (typically of smaller sizes and, hence, colloquially referred 
.10 to as "baby sectors"). In these devices, the smaller baby sectors should have shorter erase 
q times than the larger uniform sectors. Nonetheless, current test procedures still use a single 

;{i test limit against which all sectors are compared. The present invention recognizes that when 

;ff a single test limit is used, it is based on times derived from both the uniform sectors and baby 

□ sectors and, hence, might be set too low for uniform sectors, thus resulting in a large number 

if! 15 of false rejects. Having made the above critical observations, the present invention provides 
!~ the below-solutions to one or more of the observations. 

\jl BRIEF SUMMARY OF THE INVENTION 

jlT [0006] A method for testing a semiconductor device having at least one first sector of 

20 a first sector type (e.g. , a uniform sector) and at least one second sector of a second sector type 
(e.g., a boot sector) includes measuring at least one first time period, such as erase time and/or 
APDE time, that is related to erasing the first sector. The method also includes establishing 
a first test limit based at least in part on the first time period. Further, the method includes 
measuring at least one second time period related to erasing the second sector, and establishing 
25 a second test limit based at least in part on the second time period. The first and second test 
limits are used to determine whether the device passes or fails an erase test. 

[0007] In a preferred embodiment, the device includes many first sectors and many 
second sectors, and the first test limit is based at least in part on an average of first time 
periods associated with respective first sectors. Likewise, the second test limit is based at least 
30 in part on an average of second time periods associated with respective second sectors. 
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[0008] As indicated above, more than one time period can be used, and preferably both 
erase time and APDE time are used. Accordingly, the preferred method can include 
measuring at least one third time period related to erasing the first sector and measuring at least 
one fourth time period related to erasing the second sector. The first and second time periods 
5 can be erase time periods and the third and fourth time periods can be APDE time periods. 
Consequently, the first test limit preferably is based on the first and third time periods (uniform 
sector average erase time and uniform sector average APDE time), while the second test limit 
is based on the second and fourth time periods (boot sector average erase time and boot sector 
average APDE time). 

10 [0009] For each sector, the preferred method can also determine whether the time 

period associated with the sector exceeds the test limit associated with the time period of the 
sector. If it does, the device is rejected. At least one parameter test can also be executed on 
the device. 

□ [0010] Other features of the present invention are disclosed or apparent in the section 

! jjl5 entitled "DETAILED DESCRIPTION OF THE INVENTION" . 

;P BRIEF DESCRIPTION OF DRAWINGS 

^ [0011] Figure 1 is a schematic view of a flash memory device having uniform sectors 

and non-uniform sectors; 
20 [0012] Figure 2 is a flow chart of the overall logic of the present invention; 

[0013] Figure 3 is a flow chart of the erase test logic; and 
[0014] Figure 4 is a flow chart of the erase test evaluation logic. 

DETAILED DESCRIPTION OF THE INVENTION 
25 [0015] Referring initially to Figure 1, a semiconductor device, more specifically a 

bootable device, and still more specifically a flash memory device, is shown and generally 
designated 10. As shown, the device includes plural sectors. The sectors labeled "sector 5", 
"sector 6", and "sector 7" are all uniformly sized, relatively large sectors. This means they 
all have the same number of memory cells. On the other hand, the sectors labeled "sector 0", 
30 "sector 1", "sector 2", and "sector 3" are non-uniformly sized, compared to the uniformly 
sized sectors, are relatively small and, hence, can be referred to as "baby sectors". These 



3 




sectors are also known as "boot sectors". The sectors 0-3 can be the same size as each other 
or, as shown, the sectors 1 and 2 can have the same size, sector 0 can be larger than sector 1, 
and sector 3 can be larger than sector 0. In any case, the boot sectors are generally smaller 
than the uniform sectors. 

5 [0016] Figure 2 shows the overall logic by which the present invention operates. 

Commencing at block 12, certain parameter tests can be executed on the device 10. These tests 
include, but are not limited to, tests for open circuits and short circuits, certain electrical 
leakage tests including in-leakage, and certain device signature tests. Moving to block 14, 
performance (functional) tests are conducted, including but not limited to the section erase test 
.10 described further below. Then, at block 16 additional parameter tests can be executed if 
i ^ desired/necessary . 

j5! [0017] The erase test logic is shown in Figure 3. Commencing at block 18, all cells 

^ in all sectors are programmed, so that the cells can be subsequently erased. Moving to block 

20, a DO loop is entered for each sector. At block 22 the programming time period for each 
11=15 sector is recorded, as is the sector type/size. Programming time period can, of course, be 
;L recorded during the process at block 18, and sector size/type can likewise be recorded. 

P Moving to block 24, the sector is erased and its erase time period recorded. 

■:JS [0018] Next, at decision diamond 26 it is determined whether the sector experienced 

'(2 any electrical leakage during erasure, and if so, an Auto Program Disturb Erase (APDE) pulse 

20 is generated at block 28 to cure the leakage, i.e., APDE is applied until the leakage is below 
a threshold. The time period to conduct the APDE test is recorded, and a routine known as 
"erase verify" is conducted in accordance with flash memory test principles known in the art 
to verify that the sector under test is erased. 

[0019] From block 28 or decision diamond 26 when the test there is negative, the logic 
25 moves to decision diamond 30 to determine whether the last sector has been tested. If not, the 
next sector is tested starting at block 22. At the end of the process of Figure 3, the test is 
evaluated at state 32 using the logic of Figure 4. 

[0020] Figure 4 shows the erase test evaluation logic. Commencing at block 34, a DO 
loop is entered for each sector type/size. For instance, each sector type might be defined by 
30 sectors having exactly the same size as other sectors in that type. Or, two sector types - 
uniformly sized memory sectors, and boot sectors regardless of size, might be defined. 
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[0021] In any case, at block 36 a test limit for the type under test is defined. The test 
limit is based on one or more, preferably both of: the average erase time period for sectors in 
the type, and the average APDE time period for sectors in the type. In a particularly preferred 
embodiment, the test limit is defined to be 1.5 times the sum of the average erase time period 
plus the average APDE time period. 

[0022] After defining the test limit for the sector type under test, the logic moves to 
block 38 to enter a DO loop for each sector in the type. Proceeding to decision diamond 40 
it is determined whether either one or the sum of both of the sector's erase time period plus 
APDE time period exceed the test limit. Preferably, the sum of the segment's erase time 
period and APDE time period are compared to the test limit at decision diamond 40. If the 
sum exceeds the limit, "FAIL" is returned at block 42 and the device 10 is rejected. 
Otherwise, the logic moves to decision diamond 44 to determine whether the last sector in the 
type has been tested, and if not, the next sector is tested starting at decision diamond 40. If 
the last segment in the type has been tested the logic moves from decision diamond 44 to 
decision diamond 46 to determine whether the last sector type has been evaluated, and if not 
the next sector type is tested starting at block 36. Otherwise, the logic ends at state 48. 

[0023] The above logic can be embodied in a computer or other digital processor that 
is programmed to execute method acts in accordance with the logic, and it can be stored on a 
computer-readable medium such as a hard disk drive, diskette, optical disk, ROM or RAM, 
and so on. 

[0024] While the particular SYSTEM AND METHOD FOR ERASE TEST OF 
INTEGRATED CIRCUIT DEVICE HAVING NON-HOMOGENEOUSLY SIZED SECTORS 
as herein shown and described in detail is fully capable of attaining the above-described objects 
of the invention, it is to be understood that it is the presently preferred embodiment of the 
present invention and is thus representative of the subject matter which is broadly contemplated 
by the present invention, that the scope of the present invention fully encompasses other 
embodiments which may become obvious to those skilled in the art, and that the scope of the 
present invention is accordingly to be limited by nothing other than the appended claims, in 
which reference to an element in the singular is not intended to mean "one and only one" 
unless explicitly so stated, but rather "one or more". All structural and functional equivalents 
to the elements of the above-described preferred embodiment that are known to those of 



ordinary skill in the art are expressly incorporated herein by reference and are intended to be 
encompassed by the present claims. Moreover, it is not necessary for a device or method to 
address each and every problem sought to be solved by the present invention, for it to be 
encompassed by the present claims. Furthermore, no element, component, or method step in 
the present disclosure is intended to be dedicated to the public regardless of whether the 
element, component, or method step is explicitly recited in the claims. No claim element 
herein is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph, unless the 
element is expressly recited using the phrase "means for". 



